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A fundamental  chemical  change  in the blood of the dog after high
intestinal obstruction  is  a  fall  in  chlorides.,  The  characteristic  in-
crease  in  non-protein  nitrogen  does  not  begin  and  the  chemical
evidence  of  toxemia  does  not  appear  until  the  chlorides  are  well
depleted.  These findings  indicate that the  r61le  of the chlorides  may
be protective  and  they suggest the  use of  chlorides  as  a therapeutic
measure.
It  has  been  found  that  by  supplying  an  abundance  of  sodium
chloride  from  the onset  of  the  obstruction  of  the intestine,  toxemia
may  be entirely prevented. 2 One  dog so treated lived 28. days with-
out developing it.  Untreated dogs die in 4 days on an average.  Dis-
tilled water when given alone was  found to hasten the fatal outcome.
Solutions  of  glucose  and  sodium  bicarbonate  exerted  no protective
action.
The  chemical  changes  reported  as  characteristic  of  intestinal
obstruction  in  the  dog have  been  found  to  occur  also  in  intestinal
obstruction  in  man.'  Here  also  chlorides  would  appear  to  have
great therapeutic  value.
The  experiments reported herewith  have been  made  to  determine
if possible  whether  inorganic salts,  other  than sodium  chloride,  alter
the course of  the  toxemia  following  obstruction  of  the duodenum.
'Haden,  R. L., and Orr, T. G., J. Exp. Med., 1923, xxxvii, 365.
2 Haden, R. L., and Orr, T. G., J. Exp. Med.,  1923, xxxviii, 55.
3  Haden,  R. L., and Orr,  T. G.,  Surg., Gynec. and Obst., 1923,  xxxvii,  465.
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Method.
The  animals have been kept in metabolism  cages and given  no food during the
course of  the experiments.  All operations  were done under ether anesthesia with
aseptic technique.  Water was  allowed  ad libitum.  Blood for chemical  analysis
was obtained from the jugular vein before operation and at 24 hour intervals there-
after until the death of the animal.
The  duodenum was  obstructed by section about 8 inches from the pylorus and
inversion  of the cut ends.  The obstruction  was  thus rendered complete in every
instance.  An  autopsy  was  always  performed.  Peritonitis  was  never a compli-
cating  factor.
The  non-protein  nitrogen, sugar, and creatinine  have been determined  by the
method of Folin and Wu.4 The protein-free  filtrates were made by a modification
of the original  Folin-Wu technique  described by one of us.5 The CO2-combining
power has been determined by the method of Van Slyke and Cullen, 6urea nitrogen
by the  Van Slyke and  Cullen modification  of  the Marshall method, 7 amino-acid
nitrogen by the method  of Folin,8 uric acid by Benedict's method,9 and the blood
chlorides on the tungstic acid filtrate in the manner suggested by Gettler.'?
The  animals were  each  given 40  cc.  of M/7  solution of some salt per kilo sub-
cutaneously  daily except  as otherwise indicated.
EXPERIMENTAL.
Two  animals  were  given  sodium  chloride  in  glucose  solution  to
determine  whether  the  glucose  would  increase  the  duration  of  life.
The  treatment instituted  is indicated  in Table  I.  One  dog died  on
the 22nd day and the other on the 24th day after operation.  Neither
dog  developed  the  chemical  or clinical  evidence  of  toxemia.  These
results  confirm  those  previously  reported  concerning  the protective
action  of  sodium  chloride  in  intestinal  obstruction.  The  glucose
solution  evidently did  not increase  the protective  value  of  the  solu-
tion,  since  the  results  are  similar  to  those  obtained  with  sodium
chloride  solution  alone.
The  results  following  the  administration  of  other  chlorides  are
shown in Table II.  Potassium, ammonium,  calcium,  and magnesium
4 Folin, O.,  and Wu, H., J. Biol. Chem.,  1919, xxxviii, 81.
6  Haden, R. L., J. Biol. Chem.,  1923,  lvi, 469.
6  Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1917, xxx, 289.
7  Van Slyke, D. D., and Cullen,  G. E., J. Am. Med. Assn., 1914,  lxii,  1558.
8  Folin,  O.,  J.  Biol. Chem.,  1922,  li,  377.
9  Benedict, S. R., J. Biol. Chem., 1922, li,  187.
10  Gettler, A.  O., J.  Am. Med.  Assn.,  1921,  lxxvii,  1652.
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Obstruction  of  the
TABLE  I.
Duodenum.  Blood  Findings during  Treatment with Sodium
Chloride and Glucose.
Blood.
Amount  per 100 cc.
mg.
17.8
10.3
10.7
8.9
10.3
21.9
11.2
9.3
12.6
14.9
21.5
11.7
9.9
15.4
7.0
7.0
10.5
14.5
29.4
14.0
12.6
7.0
6.1
'6
mg.
3.2
2.7
2.2
2.2
1.9
1.7
2.2
1.4
1.3
1.3
1.6
1.7
1.8
1.4
1.4
1.5
0.8
2.0
2.2
1.8
1.5
.1.q
0
mg.
1.1
2.4
2.3
1.3
1.1
LI.1
1.5
1.2
1.3
1.1
1.2
1.2
1.6
1.6
1.0
1.1
1.3
1.2
1.1
1.
2.1
2.1
)  l.
1.1
13.7 2.6  5  1.1
13.510.811.1
o0
mg.
12.2
16.0
14.0
9.7
7.6
6.6
6.0
5.0
10.4
3.7
3.8
4.4
6.2
6.2
4.6
4.3
5.8
14. 
13.4
8.7
11.2
5.7
6.2
7.2
0g
mg.
91
74
37
80
74
74
89
69
52
80
47
87
81
110
69
43
69
52
54
111
46
0 .0
mg.
120
30
100
380
350
270
360
0oC
310
110
510
50C
47C
40(
350
330
390
400
510
43
452
38(
40(
4
.0
$0 B
-n
vol.
per
cent
38.1
34.3
33.7
47.5
47.5
62.6
55.1
63.6
52.2
57.9
53.1
50.4
64.4
77.2
77.7
67.3
60.6
75.C
48.6
23.0
40.0
31.8
45.1
41.9
43.8
41.9
Treatment (40  cc.  per kilo).
M/6.88 NaCI in 5 per cent glucose.
ct  It  it  ct  dt  i d¢
¢t  {I  {(  c{  4  ¢  {t  {¢
/6.88  ""  ""  "  t
I)  t  CC  ft  CC  t¢
''  ) {{  C{C{  CC 
x/2.93"  "  "  C  "
tL  t  (C it  c
De/5.85  "  "  "  C
Died.
u/6.88 NaCI in
/2.93  c  "
.c  .)  It
5  per cent glucose.
CC  )c  c  ct cc  CC  ))  c)
C)  c)  c.  cc
323
d
9i
d
1
2
0
:l
Day before.
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
Day before.
0
1
2
3
4
5
0
So
mg.
34.5
39.5
31.3
24.6
31.9
38.9
27.3
26.8
38.C
28.5
18.2
34.9
27.7
30.C
26.8
27.0
22;4
33.3
53.5
40.0
34.9
30.3
33.3
33.3
37.'
37.2
_  . - __
36(
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TABLE  I-Concded.
Amount  per 100 cc.
Wol.
per
40.9
29.9
52.2
46.7
49.4
68.1
65.2
59.8
69.2
68.0
Treatment  (40 cc. per kilo).
M/6.88 NaCI in 5 per cent glucose.
cc  Cc  IC  it  cc  cc  IC
IcC  ¢  cC cc  CC  it  Cc
tc  ct  cc  Cc  ~  cc
'  cc  ~c  cc  c;  Cc
CC  I  t  C¢  c¢  c'
M/5.85  "  "  "  "
Died.
CZ
'C
C'
'C
'C
14
it
cc
chlorides  were  found  to have  no protective  value.  The  animals  all
showed  a rapid  fall in blood chlorides and died  quickly.  Ammonium
chloride  produced  a  marked  acidosis  as  shown  by the  rapid  fall  in
CO2-combining  power.  The  fact that ammonium  chloride  produces
an  acidosis  has  been  recently  pointed  out  by  Haldane."  He  ex-
plains this result  as due to the rapid conversion  of ammonia to urea,
leaving  the HCI free  to neutralize  the  body alkali.
One dog was given  m/7 potassium iodide and a second  M/7  sodium
iodide.  Both  showed  a marked  fall in  chlorides  and  a rise  in  non-
protein  nitrogen,  dying within  48 hours  (Table  III).
The  findings  on  treatment  with  sodium  bromide  are  interesting.
M/14  solution  had  no  protective  value.  Two  dogs  were  given  m/7
" Haldane, J. B. S., J. Physiol., 1921, Iv,  265.
Blood.
0
2
a
52
0
6
7
8
9
11
12
13
14
15
16
17
18
19
20
21
22
CCi
H
I., '
Z
?mg.
36.6
35.3
38.9
42.8
53.5
30.0
31.6
28.0
37.5
27.3
35.3
0.
mg.
10.4
7.7
3.8
8.5
5.3
6.2
5.4
6.1
t
9
mg.
0.7
0.6
0.7
0.7
0.7
0.7
1.0
1.0
mg.
6.5
8.9
18.6
22.4
24.8
16.8
16.8
13.3
15.4
12.(
17.8
U
mg.
480
470
470
540
500
510
450
430
470
440
X
02
mg.
52
41
45
43
mg.
1.1
1.1
1.1
1.1
1.3
1.2
1.9
1.0
1.1
1.2
1.3
-
￿
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TABLE  II.
Obstruction of the Duodenum.  Blood Findings  during Treatment with Potassium,
Ammonium,  Calcium, and Magnesium Chloride.
Blood.
Amount per 100 cc.
Uric
acid.
mg.
1.1
1.2
1.2
1.2
2.9
2.9
1.6
2.2
1.7
3.8
2.9
Creati-
nine.
mg.
1.3
1.1
2.7
1.2
1.8
1.3
1.3
1.1
1.1
3.8
2.0
2.1
1.0
1.1
1.6
2.3
3.8
1.3
1.3
1.3
Amino-
acid
nitro-
gen.
mg.
7.1
7.1
18.6
4.3
5.5
5.4
5.9
5.7
5.7
14.0
11.2
16.4
5.9
7.6
5.1
7.4
6.8
7.6
13.2
Sugar.
Img.
86
130
114
79
72
91
121
93
104
125
116
105
107
115
77
93
125
80
105
95
Chlo-
rides.
mg.
470
440
340
530
475
470
390
490
440
400
470
450
480
360
480
435
370
450
390
420
combining
power.
Wl. per ctS
37.2
41.9
40.0
24.5
29.1
34.3
15.0
37.2
26.8
10.7
37.2
30.5
41.9
31.0
31.0
28.7
33.2
33.8
25.8
Treatment
(40  cc.  per kilo).
M/7  KCI
it  cc
Died.
M/7  KCI
Died.
/7 NHCI
"t  it
Died.
M/7 NH4C1
Died.
m/14 CaCI2
Died'
M/35  CaCI2
Died.
m/7 MgC12
Died.
i/7 MgCI2
t$  ''
Died. Died.
3
4
5
6
7
8
9
10
t
" .
0
R
1
2
3
0
1
2
0
'1
2
0
1
2
0
1
2
0
1
2
0
1
2
3
0
1
Non-
protein
nitro-
gen.
mg.
32.6
29.7
60.0
24.0
62.5
27.7
53.5
30.3
27.3
110.8
43.5
31.6
94.0
30.0
47.6
111.0
35.3
31.6
Urea
nitro-
gen.
mg.
15.4
11.7
32.2
11.2
33.6
9.1
26.1
14.0
11.2
64.4
21.0
14.7
29.89
31.6
11.7
19.6
68.7
14.5
15.4
72.8 2  147.0
3
=  = . --
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TABLE  III.
Obstruction of  the Duodenum.  Blood Findings during Treatment with Iodide and
Bromide.
11
12
13
14
15
g
a
0
1
2
3
0
1
2
0
1
2
3
4
5
6
0
1
2
3
4
5
6
0
1
2
3
4
5
6
Blood.
Non-
protein
nitro-
gen.
mg.
31.0
22.4
57.5
55.5
67.5
38.5
37.3
37.0
36.6
34.9
31.6
35.3
51.6
97.3
81.5
177.0
200.0
25.0
30.0
36.6
30.0
23.6
24.8
141.0
7  101.0
8  103.0
9
Urea
nitro-
gen.
mg.
14.0
8.4
24.5
21.5
39.2
17.3
14.0
13.1
12.1
13.7
15.9
18.1
43.5
81.5
80.0
16.4
19.6
13.1
13.5
13.5
10.5
53.9
47.5
53.2
Amount per 100 cc.
Creati-
nine.
mng.
1.4
1.7
1.6
1.2
1.3
1.2
1.1
1.1
1.2
1.2
1.0
1.1
1.1
1.1
1.1
1.1
1.6
1.3
1.5
1.2
1.2
1.1
1.2
1.0
1.0
Amino-
acid
nitro-
gen.
mg.
5.0
8.1
6.6
11.6
6.2
7.1
8.6
7.1
7.0
6.5
7.7
10.7
8.0
6.2
5.3
7.0
4.9
5.3
5.0
5.1
5.8
6.1
5.3
5.0
Uric
Uric
acid.
mg.
2.7
2.8
1.1
1.7
1.4
1.4
1.4
1.3
3.0
2.3
2.7
2.8
2.9
3.3
1.8
1.8
1.7
2.6
2.0
2.0
2.6
2.1
2.5
Sugar.
mg.
85
93
69
83
79
125
100
149
149
149
139
111
130
91
139
145
47
33
35
46
50
71
40
Chlo-
rides.
mg.
450
350
420
465
365
480
460
440
400
400
470
430
400
330
260
220
310
470
430
440
455
440
400
420
410
420
CO0-
combining
power.
vol. per cent
27.7
41.9
45.7
20.8
38.4
38.1
36.2
45.7
58.9
61.7
57.0
28.7
55.7
64.5
80.6
63.7
32.2
26.3
43.8
47.6
39.3
34.3
43.0
47.7
41.2
Treatment
(40 cc. per kilo).
M/7 KI
Died.
/7  NaI
Died.
M/7 NaBr
Died.
Mt/14  NaBr
Died.
a/7 NaBr
'C
cc  cc
Died.
__
￿ ￿
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Obstruction of
TABLE  IV.
the  Duodenum.  Blood  Findings during  Treatment with  Sulfate,
Phosphate, and Citrate.
Blood.
Amount per  100  cc.
d
9 t
.
mg.
7.0
20.6
19.6
11.2
27.1
49.1
78.2
13.1
15.5
57.4
82.7
10.3
14.5
78.2
113.5
9.8
10.3
34.7
39.1
.'
0
mg.
4.0
4.4
2.7
2.1
3.2
3.0
1.7
2.3
3.0
3.8
4.4
2.2
3.1
3.8
3.8
2.3
i.1
3.1
mg.
1.2
1.3
1.2
1.5
1.4
2.0
2.3
1.3
1.7
3.5
4.0
1.5
1.2
1.3
1.5
1.2
-,I  C)
.a!  I
'P.
00
Qd
ii
mg.
6.6
7.0
8.7
7.3
7.3
10.4
10.0
8.5
9.3
9.3
10.4
8.2
9.3
11.2
14.0
6.3
6.1
7.1
10.0
Treatment
(40  cc.  per kilo).
X/7 Na2SO4
Died.
m/14 MgSO 4
Died.
/7  MgSO4
Died.  cc
Died.
m/14 MgSO4
Died.
m/7 sodium citrate.
Died during night.
m/7 NaH2PO4
Died.
ii/7 Na2HPO4
Died during night.
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i
>4
0
1
2
.a
U.
vol.
0
1
2
3
3
4
(a.m.)
(p.m.)
0
&i
22
.5
4Si
Irg.
34.5
63.2
38.9
29.4
55.0
90.0
121.0
22.8
46.0
102.5
163.0
32.6
40.0
192.0
200.0
28.5
46.0
71.3
85.3
55.0
.
mrg.
470
300
490
40C
32C
200
200
420
410
37
46
52(
360
30(
310
46(
510
44(
110
460
mg.
53
74
69
103
98
98
149
79
100
104
93
86
111
87
67
54
54
192
Vol.
per cent
35.3
61.7
21.1
49.4
47.5
40.0
37.2
38.4
47.7
45.7
19.8
40.1
42.0
26.8
21.7
42.8
39.0
59.8
42.0
10.7
0
1
2  (a.m.)
2  (p.m.)
3
0
1
2  (a.m.)
2  (p.m.)
3
0
1
0
1
2
3
0
I
u :i
3 R W
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TABLE  V.
Obstruction of the Duodenum.  Blood Findings during Treatment with Pilocarpine
and Atropine.
Blood.
Amount per 100 cc.
a  1  DiedduTreatment. z  z  *  ii  g
mg.  mg.  Iag.  mg.  mg.  mg.  mg.  per
23  0  23.0  12.6  2.0  1.1  6.5  77  450  41.90  1  cc.  of  0.1  per  cent  patrilo-
1  59.0  29.9  2.3  1.5  7.6  104 370  40.9  carpine  per  kilo  daily.
2  121.0  78.2  2.0  1.4  13.4  109  310  41.9
3  Died.
24  0  42.6  12.1  2.2  1.3  6.3  93  460  45.7  3 cc. of 0.1  per cent pilo-
carpine per kilo.
1  Died  during  night.
25  0  40.0  17.3  1.4  1.4  6.2  76  430  41.0  1 cc.  of 0.1  per cent atro-
1  70.0  32.2  2.0  1.3  7.6  44  340  35.3  pine  per  kilo  daily.
2  Died.
26  0  35.3  7.5  1.8  1.1  6.5  76  470  40.0  1 cc.  of 0.1  per cent atro-
1  42.8  12.6  1.8  1.2  7.2  111  400  55.1  pine per kilo  daily.
2  106.0  47.6  2.5  1.2  8.3  133  375  62.6
3  _  Died.
solution.  One died on the 6th day without an increase in non-protein
nitrogen.  The  blood  chlorides  had  remained  at  almost  the  normal
level.  A second dog showed no increase in non-protein nitrogen  until
the 6th day and died  on the  9th  day.  The  blood  chlorides  showed
relatively little  change.
M/7  solution  of sodium sulfate,  magnesium  sulfate,  sodium  citrate,
monosodium  phosphate,  and  disodium  phosphate  respectively  had
no protective action  (Table IV).  The dog given the M/'7 monosodium
phosphate  showed  a  blood  chloride  determination  of  110  mg.  per
100 cc.  This is the lowest  figure met with in this series.
To determine whether  autonomic drugs would influence  the  course
of events following obstruction of the duodenum, two dog were treated
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with  pilocarpine  and  two  with  atropine  (Table. V).  One animal
lived less than 24 hours, one less than 48 hours, and  two died within
72  hours.  All  dogs  from  which  specimens  of  blood  were  obtained
after  operation  showed  the  chemical  changes  characteristic  of  the
toxemia  of intestinal  obstruction.
DISCUSSION.
The  experiments here  reported  offer  further proof  of  the  changes
previously  described  as characteristic  of intestinal  obstruction.  The
results  obtained  in  the  two  dogs  treated  with  sodium  chloride  em-
phasize again the great protective value of this salt against the toxe-
mia.  The addition  of glucose  did not enhance  the value of  the salt
solution.  The fact  should  be mentioned  that one dog  treated  with
the glucose-sodium  chloride  solution was  jaundiced  for a number  of
days before death and at autopsy showed marked atrophy of the liver.
Iodides  seemingly  hasten  the  action  of  the  toxic  body,  while
sodium  bromide  appeared  to  exert  an  inhibitory  influence.  One
animal given sodium bromide lived 5 days and showed no increase in
non-protein  nitrogen  before  death.  Another  died  on  the  9th  day
with only  a moderate increase.  The other salts used had no protec-
tive value.  Atropine and pilocarpine likewise did not alter the course
of  the intoxication.
SUMMARY.
The  chemical  changes  in  the  blood  of  dogs  treated  with  various
inorganic  salts after obstruction of the duodenum are  reported.
Two  dogs  treated  with  sodium  chloride  survived  approximately
six times as long as the average untreated animal,  one living 22 days,
the  other  24  days.
Ammonium  chloride  was  found  to produce  an acidosis.  The ad-
ministration of potassium  chloride,  calcium  chloride,  and magnesium
chloride  did  not  prevent  the usual  rise  in non-protein  nitrogen  and
fall in chlorides, and the fatal outcome.
Iodides  seemingly  hasten  the  toxic  process.  Sodium  bromide
appears  to  have  an  inhibitory  action  upon  it,  but much  less  than
that of  sodium  chloride.
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Sodium  sulfate,  magnesium  sulfate,  sodium  citrate,  monosodium
phosphate,  and disodium  phosphate  failed  to alter  the course  of  the
intoxication.
Atropine  and  pilocarpine  were  without  therapeutic  value  in  pre-
venting  the  changes  characteristic  of  intestinal  obstruction.